
MISCELLANEOUS

HORTSCIENCE 30(2):374–376. 1995.

2

 
9

o
n

r
ot

y

s
0

ce
SS,
vi-
-

s,
ot
ust
ly,

e,
r

sel
 for
c-
f
u-
ec-
d

ht
 in
d
rs
ce
or
S

re-
tly
 has
th
g,
er

h of
PS
Vegetative Growth of Potato under High-
pressure Sodium, High-pressure Sodium
SON-Agro, and Metal Halide Lamps
N.C. Yorio and C.L. Mackowiak
Dynamac Corporation, Mail Code DYN-3, Kennedy Space Center, FL 3

R.M. Wheeler and J.C. Sager
National Aeronautics and Space Administration Biomedical Operations
Research Office, Mail Code MD-RES, Kennedy Space Center, FL 328

Additional index words. Solanum tuberosum, blue light, stem elongation, internode length,
spectral quality, photomorphogenesis

Abstract. Potato (Solanum tuberosum L. cvs. Norland and Denali) plants were grown under
high-pressure sodium (HPS), metal halide (MH), and blue-light-enhanced SON-Agr
high-pressure sodium (HPS-S) lamps to study the effects of lamp spectral quality o
vegetative growth. All plants were initiated from in vitro nodal cultures and grown
hydroponically for 35 days at 300 µmol•m–2•s–1 photosynthetic photon flux (PPF) with a 12-
hour light/12-hour dark photoperiod and matching 20C/16C thermoperiod. ‘Denali’ main
stems and internodes were significantly longer under HPS compared to MH, while unde
HPS-S, lengths were intermediate relative to those under other lamp types, but n
significantly different. ‘Norland’ plants showed no significant differences in stem and
internode length among lamp types. Total dry weight of ‘Denali’ plants was unaffected b
lamp type, but ‘Norland’ plants grown with HPS had significantly higher dry weight than
those under either HPS-S or MH. Spectroradiometer measurements from the variou
lamps verified the manufacturer’s claims of a 30% increase in ultraviolet-blue (350 to 45
nm) output from the HPS-S relative to standard HPS lamps. However, the data from
‘Denali’ suggest that at 300 µmol•m–2•s–1 total PPF, the increased blue from HPS-S lamps
is still insufficient to consistently maintain short stem growth typical of blue-rich irradi-
ance environments.
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Table 1. Light source and average weekly photon flux levels used to study potato stem elongation.z
The use of high-intensity discharge lamp
particularly high-pressure sodium (HPS), f
plant growth-chamber lighting has becom
increasingly popular because of their hi
conversion efficiencies of electrical pow
into photosynthetically active radiation (Sag
et al., 1982; Tibbitts et al., 1983). Howeve
the spectral output of HPS lamps is relative
deficient in the near-ultraviolet (UV) (350 t
400 nm) and blue (400 to 500 nm) wav
lengths, which can be a concern for morph
logical development of some plant speci
For example, exposure to low levels of ne
UV radiation can prevent development 
oedema (intumescence), a physiological d
order in certain plants (Lang and Tibbit
1983), while the lack of blue light can cau
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excessive hypocotyl and stem elongation (B
and Sager, 1990; Cosgrove, 1981; Tibbitt
al., 1983; Wheeler et al., 1991a). Eviden
suggests blue light influences stem grow
quantitatively, with a minimum level of 25 
30 µmol•m–2•s–1 blue photon flux needed 
prevent excessive elongation of soybean (Gly-
cine max L.) stems and normal shoot develo
ment of lettuce (Lactuca sativa L.) (Britz and
Sager, 1990; Bula et al., 1991; Wheeler et
1991a).

The influence of spectral quality on pla
growth and development is a particular c
cern for the crops used in controlled ecolog
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Cultivar and Photosynthetic
lampx (400–700 nm)
Denali

HPS 311
HPS-S 299
MH 285

Norland
HPS 311
HPS-S 280
MH 283

zUV-blue and blue photon fluxes determined from in
of 350 to 700 nm and 400 to 700 nm, respectively
yUV-blue (350 to 450 nm) band width analyzed fo
xHPS = high-pressure sodium; HPS-S = high-pre
wPercentage based on HPS photon fluxes (100%
flux.
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life support systems (CELSS) in spa
(Langhans and Dreesen, 1988). In a CEL
the crops could be grown in controlled en
ronments, likely with electric lighting, to pro
duce food and O2, while removing waste CO2
from the atmosphere. For all CELSS crop
high productivities coupled with short sho
stature are highly desirable, since yields m
ultimately be compared three-dimensional
i.e., g•m–3•day–1, rather than g•m–2•day–1. Tall
crops would require more volume to produc
which would translate into significantly highe
costs for launching a containment ves
(Drysdale et al., 1993). Possible strategies
minimizing shoot growth might include sele
tion of high-yielding dwarf cultivars, use o
growth regulators, or environmental manip
lations (e.g., temperature, photoperiod, sp
tral quality). We were particularly intereste
in the influence of spectral quality for heig
control, since spectral effects can be used
conjunction with any adapted cultivar an
would avoid the need for chemical regulato
or environmental changes that might redu
productivity (e.g., cooler temperatures 
shorter photoperiods). A new type of HP
lamp, the HPS SON-Agro (HPS-S), has 
cently been developed that provides sligh
more blue than a standard HPS, and thus
the high efficiency of a sodium lamp but wi
a slightly broader spectrum (Philips Lightin
1990). Our objective was to determine wheth
HPS-S can be used to reduce stem growt
potato plants in comparison to standard H
lamps.

Materials and Methods

‘Norland’ (early maturing red) and ‘Denal
(late-maturing white) potato plants were ini
ated from in vitro nodal culture and grown f
35 days using a recirculating nutrient fil
technique (NFT) (Wheeler et al., 1990). Ea
study, consisting of one cultivar with one lam
type, was conducted in separate reach-in p
growth chambers (model M12; EGC, Chag
Falls, Ohio) using a total of four plants p
study, with each study repeated once (t
replications of four plants each). At harve
plant height (main stem length) and number
nodes were measured and the average int
odal length calculated. Total plant dry mat
HORTSCIENCE, VOL. 30(2), APRIL 1995

hoton flux (µmol•m–2•s–1)
UV-bluey Blue

(350–450 nm) (400–500 nm)

6.2 (100)w 19.7 (100)
7.6 (127) 21.1 (112)

42.5 (745) 64.6 (358)

6.2 (100) 19.7 (100)
7.1 (127) 19.8 (112)

42.2 (745) 64.1 (358)

tegrations of lamp spectral scans within the band widths
.
r comparison to manufacturer’s claims.
ssure sodium SON-Agro; MH = metal halide.
) normalized to 300 µmol•m–2•s–1 photosynthetic photon
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Fig. 1. Lamp type effects on the vegetative growth of ‘Denali’ and ‘Norland’ potatoes. For each cultivar,
means separation as determined by Scheffe’s test is represented by letters. Each cultivar was tested
separately. Vertical lines = SE.
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(shoots, roots, stolons, and small tubers) w
determined after plant tissue was oven-dr
at 70C for at least 48 h. For each cultivar, me
separation was performed using Scheffe’s t
to determine if significant differences existe

Environmental conditions consisted of
12-h light/12-h dark photoperiod with a matc
ing thermoperiod of 19.9 ± 0.2C/16.0 ± 0.2C
and a constant relative humidity of 65% ± 3%/
69% ± 4%. Atmospheric CO2 was maintained
at 1000 µmol•mol–1 to promote rapid growth

Lighting for each treatment was provide
with one of the following lamp types: 1) fou
400-W HPS lamps (Lucalox; General Electr
Co., Cleveland); 2) four 430-W HPS (HPS-
lamps (SON-Agro; Philips Lighting Co.
Somerset, N.J.), or 3) four 400-W metal hali
(MH) lamps (Pro-Arc; Venture Lighting
Cleveland). Plants grown under MH lamp
were assumed to represent growth typical o
broad-spectrum light environment. Total ph
tosynthetic photon flux (PPF) for all trea
ments was measured weekly and maintain
near 300 µmol•m–2•s–1 (Table 1) by placing
stainless steel screens atop the lamp barrie
the chamber. Also measured were the pho
fluxes in the 350- to 450-nm (UV-blue) an
400- to 500-nm (blue) band widths. All spe
tral data were measured with a spectrora
ometer (LI-1800; LI-COR, Lincoln, Neb.).

Results and Discussion

Spectroradiometer scans of the lam
showed that HPS-S lamps provided 12% m
blue (400 to 500 nm) radiation than HPS lam
(Table 1). For comparison, the analysis of t
350- to 450-nm band width (UV-blue) ha
27% more UV-blue than standard HPS lam
which generally agrees with the manufacture
claims (Philips Lighting, 1990). This amounte
to ≈7% of the total PPF being in the blue, 
compared to ≈6% for the standard HPS lamp
Pro-Arc MH lamps had ≈23% of their PPF in
the blue region. Thus, although the HPS
lamps had 12% more blue than standard H
lamps, this amounts to only 1 to 2 µmol•m–2•s–1

additional blue photon flux out of a total PP
of 300 µmol•m–2•s–1. Although this difference
is small, it may still be significant with regar
to plant growth if the total amount of blue 
near the minimum requirement.

Stems and internodes were longest w
‘Denali’ plants grown under HPS lamps (Fi
1). HPS-grown plants had significantly long
stems and internodes than MH-grown plan
but HPS-S plants were not significantly diffe
ent from either HPS or MH. The results su
gest that for ‘Denali’, the slight increase 
blue radiation from the HPS-S was not suf
cient to completely overcome the stem elo
gation induced in plants grown under HP
(Wheeler et al., 1991a). Thus, the blue pho
flux of 21.1 µmol•m–2•s–1 (Table 1) may still
have been below the minimum level of blu
radiation needed to give a maximum respon

Stem length of ‘Norland’ plants was una
fected by lamp type, indicating that there m
be genetic differences between cultivars w
regard to spectral effects on stem growth (F
1). The lack of significant differences ma
HORTSCIENCE, VOL. 30(2), APRIL 1995
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indicate the amount of blue even in the st
dard HPS (19.7 µmol•m–2•s–1) was sufficient to
maintain short stem growth in ‘Norland’, o
alternatively, other environmental factors (e
an inductive, short photoperiod) may have h
an overriding influence on shoot grow
(Wheeler et al., 1991b).

Total plant dry matter for ‘Norland’ wa
highest with HPS lamps (Fig. 1), while d
matter for ‘Denali’ showed no significant di
ference between lamp types. Average P
values for the HPS treatments for both cu
vars were slightly higher than for the oth
treatments; thus, the increased biomass f
the HPS treatments may have been due pr
rily to increased total irradiance. Howeve
other studies have demonstrated increa
growth with HPS lamps in comparison 
broad-spectrum fluorescent or MH lam
(Koontz et al., 1987; Wheeler et al., 1994)
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We have shown that stem elongation o
‘Denali’ is significantly greater under HPS
than under MH lamps when total PPF is ne
300 µmol•m–2•s–1, but there was no effect of
lamp type on stem elongation of ‘Norland’
The trend, although not significant, in the
growth response of ‘Denali’ under HPS-S
lamps suggests that stem elongation might 
reduced by use of HPS-S in place of standa
HPS lamps, indicating the minimum blue
light requirement for preventing excessiv
stem elongation may be >20 µmol•m–2•s–1.
Further testing at various total PPF an
blue photon flux levels (e.g., between 1
and 30 µmol•m–2•s–1 blue) is needed to de-
termine whether there is a minimum blu
light requirement for stem growth in po-
tato, and to define better the total PP
ranges where HPS-S might be effective fo
morphological growth control.
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